ABSTRACT
Introduction
Ovarian cancer is the leading cause of death from gynecological malignancies [1] , resulting in an estimated 140,200 deaths worldwide annually [2] . Approximately 90% of ovarian cancers are epithelial in origin [3] , and the most common presentation (75%) is in the advanced stages (stage III/IV). Cytoreductive surgery and adjuvant chemotherapy with taxol and a platinum containing compound serve as the standard of care [4] . Although initial clinical response is excellent [4] , 65% of patients relapse within 2 years and thereafter only receive palliative care [1] . Major improvements in the treatment of ovarian cancer patients will require novel therapies that capitalize on biological pathways [1] .
Dysregulation of the cell cycle is an integral component of ovarian cancer [5] . One native biological regulator of cell replication in normal cells and a variety of The Opioid Growth Factor Inhibits Established Ovarian Cancer in Nude Mice and Can Be Combined with Taxol or 111 Cisplatin to Enhance Growth Inhibition cancers, including ovarian cancer, is the opioid growth factor (OGF) and its receptor, OGFr [6] [7] [8] [9] [10] [11] . OGF is a constitutively active native opioid peptide, chemically known as [Met 5 ]-enkephalin, that is autocrine produced and secreted, and interacts with OGFr to delay the G 1 /S interface of the cell cycle without affecting cell survival by modulating cyclin-dependent kinase inhibitory (CKI) pathways [11] [12] [13] [14] [15] . Although OGFr pharmacologically resembles classical opioid receptors (recognizes opioids, naloxone (Nal) reversibility, stereospecificity), it shares no sequence homology, has a different cellular localization (detected in the outer nuclear envelope, nucleus, and perinuclear cytoplasm [6, [16] [17] [18] [19] ), and undergoes trafficking into the nucleus in a process that requires nuclear localization signals and transport by karyopherin  and Ran [17, 20] .
The OGF-OGFr axis has been shown to be present and involved in the regulation of human ovarian cancer cell proliferation in a tissue culture model [11, 21] . OGFr RNA, protein, and binding activity have been documented in ovarian cancer cells in vitro [11] , and OGF has been detected by radioimmunoassay in surgical samples taken from human ovarian neoplasms [22] . Moreover, an increase in OGF-OGFr activity in human ovarian cancer cells in tissue culture by the addition of exogenous OGF has been shown to markedly suppress cell proliferation in a non-toxic manner by targeting the CKI pathways [11, 21] . The present investigation explores whether OGF biotherapy 1) modulates human ovarian tumorigenesis in mice with established subcutaneous xenografts, and 2) can be combined with standard of care chemotherapies (taxol, cisplatin) to elicit an additive inhibitory effect on cell proliferation and tumorigenesis. The results demonstrate that OGF inhibits ovarian cancer in vivo, and can be combined with taxol or cisplatin for improved efficacy. Moreover, our data suggest that the toxic effects associated with chemotherapeutic agents utilized in the treatment of ovarian cancer can be alleviated by combining these drugs with OGF. Thus, the use of both chemotherapy and OGF biotherapy may provide a novel strategy in the treatment of this deadly disease.
Materials and Methods

Cell Culture
The human ovarian cancer cell line SKOV-3 [23] , obtained from the American Type Culture Collection (Manassas, VA), was grown in a humidified atmosphere of 5% CO 2 /95% air at 37˚C in RPMI medium supplemented with 1.2% sodium bicarbonate, 10% fetal calf serum, and antibiotics (5000 units/ml penicillin, 5 µg/ml streptomycin, and 10 mg/ml neomycin).
Growth Assays
Cells were plated and counted 24 h later (time 0) to determine seeding efficiency. Compounds or vehicle were added at time 0; media and compounds were replaced daily unless otherwise indicated. Taxol was dissolved in DMSO (10 -2 M) and further diluted in sterile water; all other compounds were prepared in sterile water, and dilutions represent final concentrations. An equivalent volume of vehicle was added to control (Co) wells. Cells were harvested at designated times, stained with trypan blue, and counted with a hemacytometer. At least 2 aliquots/well and 2 wells/treatment/time point were sampled.
Animals, Tumor Cell Implantation, and Tumor Growth
Four week-old athymic nu/nu female mice, purchased from The Charles River Laboratory (Wilmington, MA), were housed in pathogen-free isolator ventilated cages in a controlled-temperature room (22˚C -25˚C) with a 12 -12 h light/dark cycle (lights on 0700 -1900). Sterile rodent diet (Harlan Teklad, Fredrick, MD) and water were available ad libitum. All procedures were approved by the IACUC Committee of the Pennsylvania State University College of Medicine, and conformed to the guidelines established by the NIH. Following a 48 h acclimation period, unanaesthetized mice were injected subcutaneously (s.c.) with SKOV-3 cells (4 × 10 6 /mouse) into the right scapula region. Mice were weighed 3x/week, observed daily for initial appearance of tumors, and tumors were measured 3 times/week using vernier calipers. Volume was calculated using the formula l × w 2 × π/6 where length (l) is the longest dimension, and the width (w) is the dimension perpendicular to the length [24] .
Drug Treatment
Beginning on the day tumors became visible (day 0), six groups of mice (n = 12) were randomly assigned to receive intraperitoneal (i.p.) injections of OGF (10 mg/kg, daily), taxol (3 mg/kg, days 0, 7, 14, 21, 28, and 35), cisplatin (4 mg/kg, days 0 and 7), OGF (10 mg/kg, daily) and taxol (3 mg/kg, days 0, 7, 14, 21, 28, and 35), OGF (10 mg/kg, daily) and cisplatin (4 mg/kg, days 0 and 7), or an equivalent volume of saline (daily). These dosages and regimens were selected based on published reports [25] [26] [27] [28] [29] . To ensure that all mice received an equivalent number of injections, mice not assigned to receive treatment on a given day were injected with saline. In groups receiving combined therapy, OGF was administered first. Taxol was dissolved in DMSO (10 -2 M) and further diluted in saline, while OGF and cisplatin were dissolved Copyright © 2011 SciRes.
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Termination Day Measurements
According to the IACUC guidelines, the study was terminated when tumors became ulcerated or grew to 2 cm in diameter. All mice were euthanized by an overdose of sodium pentobarbital (100 mg/kg) and cervical dislocation 37 days following initiation of treatments. For examination of DNA synthesis rates in tumors, a subset of mice from each group were injected i.p. twice with 100 mg/kg BrdU (Sigma-Aldrich, St. Louis, MO) at 6 and 3 h prior to euthanasia. Tumors and spleens were removed and weighed, and the lymph nodes, liver, and spleen examined for metastases. Tumor tissues were assessed for expression of OGF and OGFr, cell survival, angiogenesis, and DNA synthesis.
Semiquantitative Immunohistochemistry
Immunohistochemistry was utilized to evaluate the presence and relative levels of OGF and OGFr in tumor tissue following published procedures [11] . Tumors were excised, frozen in chilled isopentane, sectioned at 10 μm, fixed, permeabilized, and stained with antibodies to OGF and OGFr that were generated in our laboratory [30] .
Images were taken at the same exposure time with care not to photobleach the preparations. A random sample of at least 10 fields/section, 2 sections/tumor, and 2 tumors/group were evaluated. Controls were incubated with secondary antibodies only.
Protein Isolation and Western Blotting
Expression of OGFr was evaluated in tumors by Western blotting following published procedures [11] . Briefly, tissue was homogenized in RIPA buffer containing a cocktail of protease and phosphatase inhibitors (Roche, Indianapolis, IN). Protein (60 μg) was subjected to 15% SDS-PAGE, transferred to nitrocellulose, and probed with antibodies to OGFr (1:200). Optical densities were normalized to β-actin (1:5000, Sigma-Aldrich), and the percent change in expression was calculated by dividing the normalized values of experimental samples to that of saline controls. Means and SE were determined from 2 independent experiments.
OGFr Binding Assays
Tumors were assayed for OGFr binding using custom synthesized [ ]-enkephalin (Perkin Elmer, Waltham, MA; 52.7 Ci/mmol) following published procedures [11, 30, 31] . Saturation binding isotherms were generated using GraphPad Prism software (La Jolla, CA), and independent assays were performed at least 3 times. 
Mechanism of Growth
Chemicals
OGF and Nal were obtained from Sigma-Aldrich. Cisplatin was purchased from Alexis Biochemicals (Lausen, Switzerland), and taxol was obtained from Toronto Research Chemicals (North York, ON).
Statistics
All data were analyzed using one way analysis of variance (ANOVA), with subsequent comparisons made using Newman-Keuls tests (Graph Pad Prism Software). In some cases, data were evaluated with unpaired t-tests; p values less than 0.05 were considered significant.
Results
Combination of OGF with Taxol or Cisplatin Provides an Additive Inhibitory Effect on Cell Number: In Vitro Studies
To establish the efficacy of the combination of OGF with taxol on the growth of human ovarian cancer cells, SKOV-3 cultures were treated with OGF (10 -6 M, a dosage known to inhibit cell proliferation [11, 21] ), taxol (10 -9 M or 10 -10 M, dosages selected because preliminary experiments revealed no logarithmic growth at higher Copyright © 2011 SciRes.
JCT
The Opioid Growth Factor Inhibits Established Ovarian Cancer in Nude Mice and Can Be Combined with Taxol or 113 Cisplatin to Enhance Growth Inhibition concentrations), taxol and OGF, or an equivalent volume of sterile water and monitored for 120 h. Relative to sterile water treated controls, cell number was reduced in cultures exposed to OGF (17% -36%), taxol at 10 -9 and 10 -10 M (26% -47%), and OGF and taxol at 10 -9 and 10 -10 M (24% -61%) (Figure 1(a) ). In cultures receiving both OGF and taxol (at either concentration), cell number was reduced 16% -48% from 72 h to 120 h compared to cells exposed to OGF alone. In comparison to cells treated with taxol alone (at either concentration), cell number in cultures treated with both OGF and taxol (at either concentration) was reduced 15% -28% at 96 h and 120 h (Figure 1(a) ). At all time points evaluated, an equivalent number of cells were noted in cultures receiving both OGF and taxol (10 -10 M) compared to those receiving the higher concentration of taxol (10 -9 M) alone (Figure 1(a) ).
To establish the efficacy of the combination of OGF with cisplatin on the growth of human ovarian cancer cells, SKOV-3 cultures were treated for 120 h with OGF (10 -6 M), cisplatin (0.01 μg/ml or 0.001 μg/ml; dosages selected because preliminary experiments revealed no logarithmic growth at higher concentrations), OGF and cisplatin, or an equivalent volume of sterile water. Relative to sterile water treated controls, cell number was reduced by OGF (25% -37%), cisplatin at either concentration (18% -52%), or both OGF and cisplatin (at either concentration) (24% -60%) (Figure 1(b) ). In cultures receiving a combination of OGF and cisplatin (at either concentration), cell number was reduced 24% -46% compared to cells exposed to OGF alone, and decreased 15% -30% relative to cells exposed to cisplatin (at either concentration) alone (Figure 1(b) ). At all time points evaluated, an equivalent number of cells were noted in cultures receiving OGF and cisplatin (0.001 μg/ml) compared to those receiving the higher concentration of cisplatin (0.01 μg/ml) alone (Figure 1(b) ).
Opioid Receptor Mediated Effects of OGF, but Not Taxol or Cisplatin
To determine whether the effects of OGF, taxol, or cisplatin, were mediated by opioid receptors, cultures were exposed to the short acting opioid receptor antagonist Nal. Cells were treated for 96 h with OGF (10 -6 M), Nal (10 -6 M), taxol (10 -9 M or 10 -10 M), cisplatin (0.01 μg/ml or 0.001 μg/ml), OGF and Nal, taxol and Nal, cisplatin and Nal, or an equivalent volume of sterile water. Relative to control levels at 96 h, addition of OGF, taxol, or cisplatin inhibited cell number by 26% -49% (Figures  1(c) and (d) ). Addition of Nal, at a concentration that alone had no effect on cell number, completely blocked the growth inhibitory effects of OGF, but had no influence on the inhibitory action of taxol or cisplatin (Figures 1(c) and (d) ).
Reversibility of the Inhibitory Effects of OGF, but Not Taxol or Cisplatin
To establish whether the inhibitory effects of OGF, taxol, or cisplatin on cell number could be reversed by withdrawing cells from drug exposure, cultures of SKOV-3 cells were exposed for 72 h to OGF (10 -6 M), taxol (10 -9 M or 10 -10 M), cisplatin (0.01 μg/ml or 0.001 μg/ml), or an equivalent volume of sterile water. At 72 h, one-half of the groups stopped receiving drug treatment, and media was replaced without compounds (i.e. OGF-reversal, taxol-reversal, cisplatin-reversal); the remaining cultures continued to receive media and compounds. At 96 and 120 h, the OGF-reversal group had 40% and 42% more cells, respectively, than in the group continuing to receive OGF, and at 120 h had a comparable number of cells as sterile water treated cultures (Figures 1(e)-(h) ). However, the taxol and cisplatin reversal groups did not differ from cultures continuing to be treated with taxol or cisplatin, respectively, and remained significantly decreased from sterile water controls (Figures 1(e)-(h) ).
Mechanism of Enhanced Growth Inhibition
In Vitro
To evaluate the mechanism(s) by which treatment with both OGF and taxol, or a combination of OGF and cisplatin, decrease SKOV-3 cell number, DNA synthesis and cell survival were evaluated. Compared to the BrdU labeling index of sterile water treated cells (28.5% + 2.1%), cells treated with OGF (10 -6 M), taxol (10 -9 M or 10 -10 M), or cisplatin (0.01 μg/ml or 0.001 μg/ml) had 31% -46% less cells incorporating BrdU (Figures 2(a)  and (b) ). Cultures receiving both OGF and taxol (10 -10 M), or OGF in combination with taxol (10 -9 M), had 45% and 60%, respectively, fewer cells labeled with BrdU relative to cells exposed to OGF, and 56% and 60%, respectively, less cells labeled with BrdU relative to cultures treated with taxol alone (Figure 2(a) ). Cultures receiving OGF and cisplatin (0.01 μg/ml) had decreased labeling indexes of 47% and 43% relative to cultures receiving either OGF or cisplatin (0.01 μg/ml), respectively (Figure 2(b) ). However, comparable BrdU labeling indexes were noted in cultures exposed to OGF and cisplatin (0.001 μg/ml) in contrast to cells receiving OGF or cisplatin (0.001 μg/ml) alone (Figure 2(b) ).
Examination of apoptosis or necrosis in SKOV-3 cells treated with OGF (10 -6 M), taxol (10 -9 M or 10 Cisplatin to Enhance Growth Inhibition were comparable to values obtained with cells subjected to sterile water (data not shown).
OGF Inhibits Established Ovarian Cancer, and Can Be Combined with Taxol or Cisplatin for an Additive Inhibitory Effect on Tumor Progression
Beginning 2 days after initiation of treatments and persisting throughout the study, tumor volumes in mice with established s.c. ovarian xenografts were reduced by treatment with OGF (26% -50%), taxol (22% -50%), cisplatin (31% -58%), both OGF and taxol (21% -62%), and a combination of OGF and cisplatin (30% -70%) compared to control animals receiving saline (Figures  3(a) and (b) ). In mice receiving OGF in combination with taxol, tumor volumes were reduced 11% -28% from Copyright © 2011 SciRes. JCT
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Cisplatin to Enhance Growth Inhibition mice treated with OGF alone beginning on day 16 and continuing through the remainder of the experiment. Moreover, mice treated with OGF and taxol had tumor volumes that were decreased 19% -21% from mice receiving taxol alone beginning on day 7 (Figure 3(a) ). Mice administered OGF and cisplatin had tumor volumes that were reduced 15% -50% from mice treated with OGF alone beginning on day 14, and decreased 19% -44% in comparison to mice treated with cisplatin alone beginning on day 7 (Figure 3(b) ).
On the day of termination (day 37), mice from all treatment groups displayed a visible reduction in tumor size (Figure 3(c) ) compared to controls subjected to saline, with decreases in both tumor volume (28% -64%, Figure 3(d) ) and tumor weight (32% -70%, Figure 3(e) ) recorded. Relative to tumor bearing mice treated with either OGF or taxol alone, animals exposed to the combination of OGF and taxol had reductions in tumor volumes (24% and 29%, respectively) and tumor weights (34% and 28%, respectively) (Figures 3(d) and (e) ). Similarly, relative to mice treated with either OGF or cisplatin, OGF and cisplatin in combination depressed tumor volumes (48% and 44%, respectively) and tumor weights (56% and 46%, respectively) (Figures 3(d) and (e)).
Body Mass and Gross Observations
Although all mice weighed approximately 18 to 20 g at the beginning of the experiment (Figure 4) , mice receiving cisplatin had a 14% -21% reduction in body weight compared to saline administered controls beginning on day 9 and extending through day 16 of the study. Mice receiving the combination of OGF and cisplatin also were reduced from saline treated controls in body weight (11% -13%) from days 9 through 14 of the study. However, mice exposed to both OGF and cisplatin weighed 7% -12% more than mice treated with cisplatin alone. Body weights of mice administered OGF, taxol, or the combination of OGF and taxol, were comparable to saline controls throughout the study.
Terminal spleen weights were similar in all groups of mice (data not shown), and behavioral abnormalities were not evident. Metastasis or lesions were not noted in mice from any group.
Mechanism of Enhanced Tumor Growth Inhibition In Vivo
Examination of apoptosis by TUNEL assay revealed similar levels of programmed cell death in tumors taken from mice treated with either OGF or saline ( Figure  5(a) ). Mice treated with taxol or cisplatin, either alone or in combination with OGF, had 97% -122% and 239% -273%, respectively, more apoptotic cells compared to saline administered controls (Figure 5(a) ). With respect to cells in tumors undergoing DNA synthesis, a reduction of 34% -51% was noted in all treatment groups compared to saline controls ( Figure 5(b) ). The BrdU labeling index in mice receiving the combination of OGF and taxol, or both OGF and cisplatin, was reduced 26% compared to mice treated with taxol or cisplatin alone ( Figure 5(b) ). Levels of DNA synthesis in tumors were similar in mice treated with OGF, the combination of Copyright © 2011 SciRes. JCT
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Cisplatin to Enhance Growth Inhibition (Figure 5(b) ). With respect to the density of blood vessels in tumors, blood vessel density was reduced 55% -86% in all treatment groups relative to animals exposed to saline (Figure 5(c) ). Blood vessel density was decreased approximately 43% in mice treated with the combination of OGF and taxol, and decreased 69% in mice treated with the combination of OGF and cisplatin, compared to mice administered individual treatments (Figure 5(c) ).
Presence and Expression of OGF and OGFr in Xenografts
To evaluate the distribution and relative expression of OGF in xenografts, semiquantitative immunohistochemistry was performed. OGF was visible in the cytoplasm and a speckling of immunoreactivity often was noted in cell nuclei (Figure 6(a) ). Tumors processed with only secondary antibody showed no staining (Figure 6(a)  inset) . OGF distribution and immunofluorescence (mean gray value) did not differ between any group ( Figure  6(b) ).
To examine OGFr distribution and relative expression, immunohistochemistry, Western blotting, and receptor binding assays were performed on xenografts. The cellular location of OGFr was similar in all groups, with immunoreactivity detected in the cytoplasm and nucleus (Figure 6(c) ). Tumors processed with only the secondary antibody showed no staining (Figure 6(c, insert) ). Relative to saline administered controls, OGFr expression in mice treated with OGF, both OGF and taxol, or OGF combined with cisplatin was decreased 47% -51% using semiquantitative immunohistochemistry (Figure 6(d) ). Further evaluation of OGFr expression using Western blotting, showed that mice treated with OGF had an 81% reduction in OGFr expression in their tumors compared to saline administered controls (Figures 6(e) and (f) ).
Receptor binding assays indicated specific and saturable binding for OGFr in tumors of all groups, with a one site model of binding recorded (Figure 6(g) ). Binding capacity (B max ) values were markedly reduced (44% -51%) in mice treated with OGF, both OGF and taxol or OGF in combination with cisplatin, compared to control animals receiving saline (Figure 6(g) ). However, binding affinity (K d ) for OGFr did not differ among treatment groups and ranged from 2.0 nM to 7.5 nM (data not shown).
Discussion
The present study demonstrates for the first time that OGF biotherapy, alone or in combination with taxol or cisplatin chemotherapies, has a potent inhibitory effect on the proliferation of a human ovarian cancer cell line, SKOV-3. The repressive effects of OGF, taxol, or cisplatin alone on cell number were consonant with previous reports with respect to a variety of ovarian cancer cells in vitro [11, 35, 36] . We now have discovered that the anti-proliferative effect of the combination of OGF with taxol or cisplatin was greater than that of the individual drugs, indicating an additive action of these biotherapeutic and chemotherapeutic agents. Indeed, cell number was comparable between cultures receiving taxol or cisplatin alone and cultures receiving OGF in combination with a 10-fold lower concentration of these agents. Two major differences in the effects of OGF on cell growth were noted in contrast to taxol or cisplatin. First, the inhibition of cell number by OGF, but not taxol or cisplatin, was mediated by opioid receptors, with the opioid antagonist naloxone neutralizing the repercussions of OGF in the absence of a growth effect of naloxone alone. Second, the suppressive effect of OGF on cell proliferation was reversed when media was replaced without drug, and cell number returned to normal. In contrast, a discontinuation of taxol or cisplatin treatment did not change the growth characteristics of SKOV-3 cells, with these cultures resembling those that continued to receive taxol or cisplatin. Moreover, the number of ovarian cancer cells in cultures undergoing reversal from OGF was significantly greater than in the taxol or cisplatin reversal groups. These results show that the combination of two treatment modalities with differing mechanisms act in a synergistic fashion to impede the growth of human ovarian cancer cells in tissue culture.
The results of this study make the seminal observation that daily exposure to OGF markedly impedes the progression of human ovarian tumorigenesis. This was evident from our data demonstrating that even 5 weeks after initiating peptide treatment both tumor volume and tumor weight were reduced one-third from tumor-bearing mice injected with saline. Moreover, the magnitude of effects of OGF on tumorigenicity was similar to that of standard of care agents: taxol and cisplatin. We also discovered that the combination of OGF with either taxol or cisplatin had greater anti-tumor activity than individual agents alone. For example, the additive inhibitory effects of OGF and cisplatin on tumor weight were almost 2-fold greater compared to either agent alone. Tolerance in suppressing tumor growth, at least within the 5-week period of our observation, was not observed in any of the treatment groups. These results with a xenograft model in mice support and extend our findings from the tissue culture model. Additionally, our data validate not only that OGF has a potent antitumor effect on ovarian carcinogenesis, but that a combination of biotherapy with Although both OGF and taxol in the concentrations and regimens used in this study were not overtly toxic to mice with xenografts of ovarian cancer, animals subjected to cisplatin had a notable reduction in body weight. This systemic toxicity from cisplatin was diminished by simultaneous administration of OGF, indicating that this opioid peptide has the capacity to protect against toxicological insults. The amelioration of cisplatin toxicity by OGF, however, was not accompanied by a diminution of the antitumor action of cisplatin. In fact, the combination of OGF and cisplatin had an effect on tumor growth (i.e. weight, volume) that exceeded cisplatin or OGF alone. The mechanism of protection afforded by OGF against cisplatin toxicity is unknown. However, the alleviation of toxicity of one agent by the administration of another drug is not without precedence [37] , and in fact has been observed when OGF was administered in combination with a toxic regimen of taxol in mice with xenografts of squamous cell carcinoma of the head and neck [38] . The finding of protection afforded by OGF from the side effects of cisplatin may allow higher doses of cisplatin to be administered to improve the therapeutic efficacy of this agent. This may be advantageous, as the success of chemotherapy is often limited by an intrinsic resistance of cancer cells [39] , and the possibility of increasing the concentration of drugs without an accompanying increase in cytotoxicity would be beneficial.
In the present study, the mechanism for enhanced growth inhibition of SKOV-3 cells in tissue culture by a combination of OGF with taxol or cisplatin was not associated with induction of apoptosis or necrosis, at least at the low dosages of taxol and cisplatin used herein, but instead was related to an additive inhibitory effect on DNA synthesis. In vivo, the enhanced inhibition of tumorigenesis by OGF in combination with taxol, or both OGF and cisplatin, appears to be related to a number of mechanisms. First, OGF and/or taxol/cisplatin reduced DNA synthesis and angiogenesis in tumors. Second, taxol and cisplatin induced apoptosis. These effects of OGF, taxol, and cisplatin are consistent with previous observations. Taxol is a chemotherapeutic agent that stabilizes microtubules, thereby preventing microtubule depolymerization and chromosome segregation. These actions lead to an arresting of the cell cycle in the G 2 /M phase that ultimately results in cell death [40] . Cisplatin also arrests DNA replication in a cell-phase specific manner at G 2 /M, but induces apoptosis by binding to DNA and nuclear proteins to form DNA intra and interstrand crosslink [41, 42] . OGF, on the other hand, stalls cells at the G 1 /S phase of the cell cycle through upregulation of p16/p21 CKI pathways, delaying cell proliferative processes (e.g., DNA synthesis, angiogenesis) without influencing cell survival [11] [12] [13] [14] [15] 43, 44] . Thus, the individual effects of biotherapy and chemotherapy are enhanced by combining agents that target similar and differing fundamental biological processes.
Another important finding of the present study is that OGF treatment administered either alone or in combination with taxol or cisplatin reduces the expression and binding of OGFr. Despite this reduction in OGFr, the OGF-OGFr axis remains functional, as demonstrated by the continued inhibition of tumor volume and weight seen with OGF treatment in animals with xenografts. This finding of a reduction in OGFr with OGF treatment is consonant with a previous report [27] , wherein OGFr binding was reduced in pancreatic tumors removed from xenografted mice that were treated chronically with OGF. Furthermore, treatment with other opioids has been documented to reduce the expression of classic opioid receptors [45, 46] . Therefore, in the present study it can be postulated that OGFr expression adjusts to the excess of OGF by administration of exogenous peptide, resulting in a downregulation of OGFr.
In previous studies investigating the effects of OGF on carcinogenesis, the paradigm used was to initiate administration of the peptide concomitant with tumor cell inoculation. These reports concluded that OGF could suppress tumor appearance and delay tumor progression of a wide variety of cancers when utilized in this manner [25] [26] [27] . In contrast to earlier investigations, treatment with OGF alone or in combination with taxol or cisplatin, in the present study commenced when tumors were measurable. These results reveal that OGF not only can influence early tumorigenic events, but can exert a potent action on an established cancer. With these observations in mind, it may be conjectured that OGF can be used as an antitumor agent in ovarian cancer prior to tumor expression as a prophylactic therapy. Moreover, our present findings would suggest that patients with established disease or following cytoreductive surgery could benefit from OGF biotherapy alone or in combination with standard of care drugs.
This report showing that OGF alone and in combination with two chemotherapeutic agents has a marked antitumor effect with regard to human ovarian cancer has several clinical implications. OGF has been documented to be non-toxic in Phase I trials, both by the infusion and s.c. routes of administration [47] . OGF also has been reported to have efficacy in extending survival of patients with advanced pancreatic cancer in a Phase II clinical trial [48] . These previous reports documenting Copyright © 2011 SciRes.
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Cisplatin to Enhance Growth Inhibition that OGF is non-toxic and efficacious, make the transition from the laboratory to the clinic in terms of using OGF alone or combined with standard of care drugs more feasible for the treatment of ovarian cancer. Our results suggest that OGF could be used under three different circumstances: 1) as a prophylactic agent, particularly in patients with a family history of ovarian cancer, 2) as a first line treatment, alone or in combination with standard of care drugs, following cytoreductive surgery, and 3) following relapse when all other treatments are palliative.
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